The nano/microstructures with highly porous surface area have attracted tremendous attention, particularly the synthesis and tailoring of porous and hollow materials of high performance. In this paper, an easy method of cost-effective synthesis of hollow ceramic fiber membranes based on Hydroxyapatite, TiO 2 and ZrO 2 stabilized with Yttrium, is proposed by a single chemical route (polymeric precursor method) and a bio-template route (easy to degrade in thermal conditions). This article reports also the ZrTiO 4 nanowires synthesis on a silicon (100) wafer in a single step deposition/ thermal treatment. Template-directed membrane synthesis strategy was associated to the polymeric precursor route and spin-coating deposition technique. In this method, ZrTiO 4 nanowire ceramic were synthesized by spin-coating thermal treatment technique using polycarbonate membrane as a template. According to the results, after heat-treatment by the template removal, the ZrTiO 4 nanowire consists of uniformly deposited crystalline and porous nanoparticles that exhibited a higher surface area and a higher porosity. The polycrystalline nanowires were obtained at by thermal treatment with diameter in the range of 60-100 nm. Photoluminescence spectra were collected for fiber at room temperature. These characterizations demonstrate the morphology of structures formed, showing its hollow and porous conformation, suitable applications to advanced reinforced or device component material.
Introduction
The biotemplating is a new concept to fabricate ceramic materials with novel hierarchical and complex microstructures using natural materials as templates 1 , posterior conversion of its tissue to ceramic materials has attracted considerable interest due to the possibility of development and optimization of tailoring porous of this materials, which have been made by modification of raw material, appropriated selection of many different species templates, chemical compositions and other physicalchemical conditions to lead to desired materials, retaining the micro-morphologies of their original counterparts. The design of materials tailored porosity exhibit special properties and features that usually cannot be achieved by their conventional dense analogous. Additionally, porous materials find many applications as final products and in several technological processes. Macroporous materials are used in various forms and compositions in routinely day, including for instance polymeric foams for packaging, aluminum light-weight structures in buildings and airplanes, as well as porous ceramics for water purification. The applications of porous ceramics material have appeared in the last decades, especially for environments where high temperature, extensive wear and corrosive media are involved. Such applications include, for example, the high-temperature thermal insulation, support for catalytic process, and filtration of hot corrosive gases in several industrial processes 2, 3 . Membrane template-based synthesis of oxide nanostructures can be carried out by filling the porous surface of various polymeric or oxide membrane substrates with precursor solutions [4] [5] [6] [7] , such as cellulose acetate, polycarbonate (PC), PVDF, PTFE and anodized alumina oxide (AAO) nano membranes 8 . AAO and PC membranes are conveniently used for the growth of nanostructures from various chemical and/or physical synthesis strategies [9] [10] [11] . The diameter and length of the nanostructures obtained can be controlled by the pore size and thickness of the template membrane, but the elimination of the membrane is dependent of certain experimental conditions. Although 12 . There are varieties of methods to obtain precursor resins, among them, the Pechini method or polymeric precursors method has been extensively used in the synthesis of a variety of mono, bi and multimetallic oxides. The experimental simplicity and reproducibility of the methods, combined with the stoichiometric rigor in the synthesis of metal oxide compositions, especially in oxides comprising two or more metals, have increased their field of application to the synthesis of ferroelectric solid-solutions, photoluminescent powders, magnetic materials, superconductors, nanoparticles and photovoltaic materials. In this synthesis strategy, metallic cations linked to ester chains can be easily obtained through a condensation reaction under acid catalysis conditions 13 . In this paper, the authors show an alternative method approach of organic templates method to obtain fiber hollow membranes by infiltrated process. This infiltration is performed by the use of a polymeric resin. Also in this study, bimetallic oxide nanowires were prepared using a template-directed method that combines the polymeric precursor method modified with a spin coating technique. Cellulose Nitrate membrane, cotton fiber, carton and natural sponge were used as a degradable template to obtain Hydroxyapatite, TiO 2 and ZrO 2 . Further proceeding from PC membrane were used to synthesis ZrTiO 4 nanowire oxide (ZT-nw) integrated into a silicon substrate. The aim of this article is to display a method and chemical route for the preparation of nano and micro ceramic materials.
Method and Procedure

Chemical Synthesis of ceramic fiber membranes at different compositions
Firstly, the resins were obtained from metallic cations (Ca, Ti or Zr) by a polymeric precursor method (Pechini method). This method is based on the chelation of cations (metals) by citric acid (CA), in a water solution containing metallic citrate. Chemical process consists of the formation of a M-citrate complex (M = Metallic: Ca, Ti or Zr), followed by a polymerization step with the addition of ethylene glycol (EG) to the metal/citrate solution, at a mass ratio of 40:60 in relation to the citric acid 14 .
Route to synthesis of Hydroxyapatite fibers
Calcium nitrate and ammonium phosphate dibasic purchased from Synth were mixed at 80 °C to complete homogenization and stirred with CA (Aldrich), to posterior addition of EG (Aldrich). A CA/metal ratio of 4:1 (mol) was used. The viscosity of the resin was kept between 2.0 -4.0 mPa•s, Brookfield viscometer DV-II+Pro was used to test the viscosity of resins.
The resin obtained was subsequently deposited onto cellulose acetate filter (pore diameter of 0.2 µm, Sartorius Stedim Biotech GmbH 37070, Gottingen, Germany) by means of a spin coating technique, selected due to the high uniform deposition obtained throw this method. Then, the material was subjected to heat treatment for two hours at 800 °C in air atmosphere, as illustrated in flowchart Figure 1. 
Route to synthesis of TiO 2 fibers
The precursor resin used to synthesize TiO 2 was obtained by addition of citric acid to titanium isopropoxide (Across) in proportion of 3:1. Distilled water was added to the mixture and the reagents were dissolved by heating (150 °C) and stirring. Later, EG (Aldrich) was added to the solution. A CA/metal ratio of 3:1 (mol) was used. The viscosity of the resin varied between 3.0-5.0 Mpa.
The ceramic fibers were obtained by the calcination process at different treatment temperature, such as 600 °C, 800 °C, and 1000 °C at room atmosphere.
Route to synthesis of ZrO 2 fibers stabilized with Ytrium
Zirconium dichloride (Aldrich) and yttrium oxide (Aldrich) were used for the synthesis of ZrO 2 fibers stabilized with Yttrium, (0.9 mol of Zr and 0.1 mol of Y). The metallic citrated was prepared at 70 °C to complete homogenization and stirred with CA, to posterior addition of EG. This was followed by the liquid infiltration of the fibers on the biotemplate. The infiltration was carried out by dropping the precursor resin on the biotemplateby single capillary process; in this method thin strings of cotton, carton, piece of cloth of cotton and natural sponge were employed to prepare the hollow ceramic fiber membrane. The template impregnated with the resin was treated at 90 °C for 24 h in an air atmosphere, with posterior annealing treatment at temperatures of 800 °C and 1000 °C in air atmosphere for 3 h. The result is a hollow fiber material containing several sizes as functions of biotemplate matrix and thermal treatment 15 .
Route to synthesis of ZrTiO 4 nanowire ceramic
The nanowire of ZrTiO 4 are prepared through the single-step deposition/thermal treatment technique. In this method, stoichiometric amount of metallic citrate of Ti and Zr were dissolved in distilled water and methanol. To get the precursor complex, the stoichiometric solutions of Ti and Zr were mixed to obtain the polymeric precursor ZrTiO 4 . The polymeric precursor was then coated onto polycarbonate membranes substrates adapted with millex filter syringe millipore at a spin rate of 7000 rpm for 20 s, using commercial spinner (Chemat Technology) model KW-4A, illustrated in Figure 1 . The millex filter syringe Millipore was used in order to remove the excess of polymeric precursor solution. The silicon substrate was cleaned with 4:1 v/v H 2 SO 4 :H 2 O 2 solution. After coating the membrane, polycarbonate were put onto silicon substrate and exposed to a heat treatment at 350 °C for 2 h in EDG model 3000.
The thermal treatment of the impregnated PC membrane attached to the silicon substrate was performed in an electric oven under air atmosphere at a heating rate of 5 °C/min in two temperature steps: the first at 350 °C for two hours for the organic matter pyrolysis, and the second at 700 °C for two hours to obtain the nanowire oxide structure. A ZrTiO 4 powder sample was obtained with the same precursor solution under identical thermal treatment conditions for crystalline phase comparison 16 .
Characterization
The structural analysis of the hollow ceramic fiber membranes was carried out by the X-ray diffraction (XRD) patterns of the samples, that were obtained using a X-ray powder diffractometer (XRD-6000, Shimadzu, Japan) 30 kV and 20 mA, using CuKα radiation (l = 1.5418 Å) with 2q angle scanning from 20-80°, with steps of 0.5°, operating at room temperature. The structure and morphology of the samples was studied by Scanning Electron Microscopy (SEM; Shimadzu, model SSX-550) equipped with X-ray energy dispersive spectroscopy (EDS) and Transmission Electron Microscopy (TEM; Philips, model CM200, operated at 200 kV). Specific surface area of the nanocomposites was determined by an Autosorb-1C analyzer (Quantachrome Instruments). Energy Dispersive X-ray Fluorescence Spectrometer (EDX, 720, Shimadzu) determined the chemical concentration of all tin samples, after heat treatment. Photoluminescence spectra were collected for fibers at room temperature by Thermal JarrelAsh Monospec 27 monochromator with the nominal output power of the laser kept at 350 mW.
The ceramic fibers were characterized by Field Emission Gun Scanning Electron Microscopy (FESEM), and EDS was performed for direct morphological and microstructural characterization of the sample with a silver electrical contact connected to the aluminum microscope support.
Result and Discussion
The SEM images and crystal structure of the ceramic membranes and the respective patterns are presented in Figure 2 . The X-ray diffraction pattern of TiO 2 membranes as a function of the annealing temperature is illustrated in Figure 2b . In this pattern the peaks can be ascribed to the tetragonal rutile phase of crystalline TiO 2 . The tetragonal rutile phase was formed during the annealing of TiO 2 samples in temperatures between 600 and 800 °C, however, the complete formation of rutile phase just was observed at sample using high temperature above 800°C. These observations corroborate with literature for titania powder, rutile transformation takes place at around 780 °C, material derived of sol-gel process 17 . The Figure 3 illustrates the SEM images and XRD pattern of ZrO 2 stabilized with Yttrium membrane (YSZ) annealed at 800 °C, a having a grid format as template. The XRD patterns of this membranes ( Figure 3C ), also show that the crystalline phase is more evident in the fibers that the material with grid format in similar thermal condition, this can be attributed to the nature of template precursor that drive material with arrange specific and porous, Yang and Ma have described a method to obtain macroporous network structure based on crystalline ZrO 2 tube, from sol-gel mineralization membranes template and subsequent calcination 18 , then it suggest that several parameters (precursor and thermal treatment) can monitored and manipulated in order to control of final crystalline microstructure, thermogravimetry studies are in progress. Table 1 , display the N 2 adsorption/desorption isotherms study, where a significant change of specific surface area and porous morphology were observed on YSZ membrane, after annealing samples at 1000 o C, grid YSZ membrane display mesoporous surface, thus the comparative surface analysis could be suggest that porous surface on membranes sample are dependence of original biodegradable template, additionally the role of template was observed in the preliminary study of PL at room temperature of samples illustrated in Figures 4a-b shows the photoluminescence (PL) at room temperature of the fiber and grid membrane annealed at 1000 o C respectively (grid and fiber membranes show high crystalline phase). There experimental studies showing that cannot be observed PL emission of materials having high crystallization, but in this case, the presence of morphological structures hollow (here observed just for mesoporous material) profile in a sample may be responsible for significant emission photoluminescence 14 .
The Figure 5a -d illustrates the SEM images and XRD pattern of hydroxyapatite annealed at 600 o C for 3 h with piece card, fiber cotton (hollow) and grid shape as template, respectively. The XRD patterns of these membranes (Figure 5e ), shows the low degree of crystallinity of the hydroxyapatite obtained from the organic template card when compared with the other shapes (hollow fibers and grid), fact related to the infiltration process (resin precursor) and subsequent burning organic template. The same material can be processed at the lowest scale through the appropriate organic templates (see Figure  6a) . Hydroxyapatite fillers have known their applications illustrated here by the functionalization with the Agar (a natural polymeric). A transparent polymeric composite is illustrated in Figures 6b-c , which responded as a potential reinforced material. The fiber incorporation (0.5-2.0% by weight) into Agar polymer matrix increased significantly more than 25% the tensile strain of the pure material. There are reports of a 35% increase in Young's modulus (elastic modulus) and 25% in tensile strength by the addition of HA nanoparticles in the polymeric matrix 19 . Concerning the ZT-nws samples, after membrane deposition and thermal treatment steps, the silicon substrate maintained the characteristic shiny finish of the polished surface with minimal tone variation, indicating a good adhesion of the oxide to the substrate. The XRD analysis reveals the manifestation of weak peaks that can be associated with a ZrTiO 4 orthorhombic crystal system (JCPDS N 0 : 00-034-0415). Table 2 shows the (hkl) diffraction planes and the respective estimated 2Ɵ Bragg positions for the ZT-nw diffraction planes. The medium intensity diffraction peak centered at 30. 4 o is assigned to the 100% peak of the orthorhombic ZrTiO 4 polycrystalline oxide. Despite the low intensity and presence of noise in the x-ray diffraction profile, some peaks could be assigned to the ZT-nw planes on the silicon wafer. XRD) of the ZrTiO 4 powder obtained from thermal treatment at 700 o C of the same precursor polymer deposited on the membranes was performed to confirm the crystalline phase of the final material (Figure 7b ). The presence of three sharp peaks at 38.11°, 44.32° and 64.45° are associated with the silver electrical contact applied to the sample in the FESEM experiments. The broad and intense peak in the 65-72° 2Ɵ range centered at 69° is related to the silicon wafer. The membrane template-assisted methods require good wettability between the precursor solution and the templates to ensure complete filling of the membrane pores. If the precursor solution has good wettability with the template membrane, the capillary forces drive the solution into the pores 20 . Polycarbonate membranes start to soften at approximately 150 °C and melt at around 240 °C. The low thermal template stability could restrain the oxide nanostructure growth during annealing of the precursor solution due to the destruction of the porous structure of the template. By using the membrane-assisted polymeric precursor route this event was avoided due to the formation of a characteristic glassy organic precursor at temperatures below 200 °C, which anchors the oxide structure inside the pores before the collapse of the porous membrane. In addition, the smooth surface of the silicon substrate contributed significantly to maintaining the pore structure during the thermal treatment and to the formation of the ZT-nws. On the other hand, the use of polymeric precursor allow obtain a simples route to replicate templates, therefore desirables ceramic material could be process to improve specific applications described in the literature 21 .
Conclusion
In summary, several shape and porosity of ceramic structures were prepared using the polymeric precursor methods, and their crystalline and optical properties were investigated. The XRD results of the synthesized materials confirm that stable phase of t-ZrO 2 is formed and role of template and annealing treatment. The possibility of better control of the PL emission in fiber system may be related here to template shape and its specific microstructure in ceramic membrane. The effective incorporation on Agar matrix polymer is a decisive factor to specific application and developing of a biofunctional material and other approaches. Membraneassisted synthesis associated with the polymeric precursor method was used in synthesis of ZrTiO 4 nanowires with controlled chemical compositions and high aspect ratio on a silicon substrate. The wires exhibit pore formation as a result of the incomplete densification process. This approach could potentially be extended in the future to process many other functional multi-component oxides as polycrystalline 1D nanostructures. Additional hollow ceramic membranes synthesized here suggests an important material in technological applications such catalyst, sensor or semiconductor system.
